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SUMMARY. A rapid, sensitive, and specific polymerase chain reaction (PCR) assay was
developed for the direct detection of Campylobacter in environmental samples from hatcheries.
PCR, with a set of primers specific for the Campylobacter flaA short variable region (SVR),
detected the presence of Campylobacter in both fluff and eggshell samples; however, a deter-
mination of whether the organism was living or dead could not be made. Conventional
cultural methods detected no Campylobacter from the same samples. An additional benefit
of the direct PCR assay is it allows for the production of a product that can be sequenced
to provide further epidemiologic information.

RESUMEN. Nota de Investigación—Detección directa de Campylobacter spp en muestras
de plantas de incubación.

Se desarrolló un ensayo rápido, sensible y especı́fico de reacción en cadena de la polimerasa
(de las siglas en inglés PCR) para la detección directa de Campylobacter en muestras de medio
ambiente de plantas de incubación. Mediante la prueba de PCR y utilizando un par de
iniciadores especı́ficos para Campylobacter flaA SVR, se detectó la presencia de Campylobacter
en muestras de plumón y cascarones de huevo; sin embargo, no se pudo determinar si el
organismo se encontraba vivo o muerto. No se detectó Campylobacter en las mismas muestras
mediante métodos convencionales de cultivo. Una ventaja adicional de la prueba de PCR
directa es que permite la obtención de un producto cuya secuencia puede ser analizada para
posteriormente obtener información epidemiológica.
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Campylobacter jejuni, a gram-negative, mi-
croaerophilic bacteria, is presently believed to
be the leading bacterial etiologic agent of acute
gastroenteritis in the human population; the to-
tal number of Campylobacter enteritis cases in
the United States is estimated at 2.4 million per
year, or approximately 1%–2% of the popula-
tion per year (2,26,30,31,32). Handling and
consumption of poultry or poultry related
products are considered to be a primary source
for Campylobacter-induced disease in humans
(3,16,21). Campylobacter has been cultured
from as many as 75% of the live broiler pop-
ulation and from as much as 80% of processed
poultry meat samples sold commercially
(10,11,24). The high colonization incidence of

poultry and the resultant clinical infections in
humans have prompted a number of investi-
gations focused upon identifying and subse-
quently eliminating sources of Campylobacter
contamination in chickens.

Several suspected horizontal sources or vec-
tors of infection include the broiler house en-
vironment, litter, feed, water, personnel, small
animals on the farm, flies, and rodents
(8,12,15,27). Transmission of Campylobacter
from the breeder flock has traditionally been
dismissed as a source of entry primarily because
of the inability to culture Campylobacter from
hatchery samples or from newly hatched chicks
(1,7,14,25). The detection of Campylobacter in
the aforementioned epidemiologic investiga-
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tions has generally relied upon traditional cul-
tural methodology followed by microscopy and
serologic tests for confirmation. These tech-
niques require several days to complete and of-
ten lack sensitivity (9,17,18,22,23,28,33,34,
35). Additionally, the occurrence of viable but
nonculturable forms of Campylobacter further
complicates detection.

A more rapid and sensitive technique, the
polymerase chain reaction (PCR), has recently
been employed for the detection of Campylo-
bacter. Several PCR assays have been developed
that identify Campylobacter from pure cultures
or from products that have been artificially in-
oculated (9,17,18,22,33,34,35,36,37). Howev-
er, many of these assays have not been extended
to demonstrate detection in naturally contam-
inated samples, such as food products, environ-
mental samples, and feces, where other com-
ponents can interfere with the reaction. In this
paper, we describe a PCR assay, with a previ-
ously developed set of primers specific for a
highly conserved region of the flaA gene of
Campylobacter, to test native hatchery fluff and
eggshells for the presence of Campylobacter.
This new methodology was demonstrated to be
rapid, powerful, and sensitive.

MATERIALS AND METHODS

Collection of hatchery samples. Approximately
40 g of eggshells and 44 g of dry fluff were collected
individually in plastic bags and transported to the
laboratory.

Cultural methodology. Twenty grams of each
eggshell sample and 22 g of each fluff sample were
individually enriched in Bolton broth at 37 C for 4
hr followed by a 20-hr incubation at 42 C in a mi-
croaerobic atmosphere (5% oxygen, 10% carbon di-
oxide, 85% nitrogen). Both direct platings and serial
dilutions of the enrichment broth were plated onto
Campy-Cefex agar and incubated at 42 C, microae-
robic conditions, for 48 hr.

Template preparation and flaA SVR gene am-
plification by PCR. Approximately 1 g of eggshell
or 1 g of fluff was placed individually into sterile 50-
ml centrifuge tubes. Sterile water (50 ml) was added
to each of the samples; samples were vigorously shak-
en. Five hundred microliters of liquid was removed
from each sample, placed into a sterile microcentri-
fuge tube, and placed at 100 C for 10 min. Fifty
microliters of each boiled sample was used as tem-
plate for flaA short variable region (SVR) PCR. Prim-
ers used in the reactions were FLA242FU: 5�CTA
TGG ATG AGC AAT TWA AAA T 3� and

FLA625RU: 5�CAA GWC CTG TTC CWA CTG
AAG3�. The concentration of MgCl2 in the reaction
was 1.5 mM. Cycling conditions in a hot start PCR
were as follows: 35 cycles of 94 C 1 min, 50 C 1
min, 72 C 1 min. Ten microliters of each sample was
removed from each reaction and electrophoretically
resolved in a 1% Seakem LE agarose gel.

Both positive and negative controls were included
with each set of PCRs performed. For the positive
control, an isolated colony of Campylobacter was re-
suspended in 300 �l of sterile H2O and placed at
100 C for 10 min. Ten microliters of the boiled cell
suspension was used as a template for flaA SVR PCR
analysis. Amplification and electrophorectic resolu-
tion were performed as described above. For the neg-
ative controls, 50 �l of boiled sterile water was uti-
lized as the template for flaA SVR PCR. Again, am-
plification and electrophoretic resolution were per-
formed as previously described.

SVR flaA DNA sequence analysis. Amplified
product was sequenced with either the FLA242FU
primer or the FLA625RU primer with the Big-Dye
Dye-Terminator Cycle Sequencing Kit (ABI-PE, Fos-
ter City, CA). Reactions were electrophoretically re-
solved with an ABI 3700 automated fluorescent
DNA sequencer. Data were assembled with Sequen-
cher 4.0.1 (GeneCodes Corp., Ann Arbor, MI) and
aligned with ClustalX. Aligned sequences were com-
pared and dendograms generated with the UPGMA
algorithm with absolute distance measurements in
PAUP*4.0 (30).

RESULTS

In an effort to detect the presence of Cam-
pylobacter spp. in the hatchery environment, 10
samples each of both fluff and eggshells were
collected from four individual hatching cabi-
nets, and subjected to both traditional cultural
techniques and PCR. Results are listed in Table
1. All samples, fluff (40 samples) and eggshell
(40 samples), tested negative by cultural meth-
odology. PCR analysis of fluff yielded an am-
plicon, approximately 400 base pairs in length,
in all samples tested (40/40) (Fig. 1). This am-
plicon size is consistent with that expected for
amplification of the SVR of the flaA gene of
Campylobacter spp. PCR analysis of eggshell
samples yielded product of the expected size in
70% (28/40) of all samples tested. Subsequent
DNA sequence analyses of selected PCR prod-
ucts were consistent with the amplicon arising
from the SVR of the flaA gene of Campylobacter
spp. (data not shown). However, sequence data
revealed that some PCR amplicons arose from
the amplification of more than one distinct
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Table 1. Culture and PCR data.A
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AC � detection by cultural method; P � detection by PCR method; � � positive; � � negative.

Fig. 1. PCR amplification and detection of Cam-
pylobacter flaA SVR. Lanes 1–10, amplicons from
fluff samples taken from hatching cabinet A. Lane
11, a �/HinDIII marker. Lane 12, a negative control.
The positive control is not shown on this gel.

Campylobacter clone; in other words, multiple
Campylobacter clones were present in the orig-
inal fluff and eggshell samples.

DISCUSSION

The Centers for Disease Control and Preven-
tion estimates that Campylobacter enteritis is a
multi-billion dollar disease and that the con-
sumption of poultry is a primary source for re-
sultant clinical infections in humans. An un-
derstanding of the pathways involved in Cam-
pylobacter contamination of poultry flocks is
therefore essential for the development of in-
tervention strategies and the subsequent reduc-
tion of Campylobacter in poultry. Traditionally,
the detection of Campylobacter in epidemiologic
investigations has relied upon cultural meth-
odology followed by microscopy and serologic
tests for confirmation. This method of detec-
tion requires several days to complete and often
lacks sensitivity (9,17,18,22,33,34,35,36,37).
The PCR is a technology that offers a sensitive,
specific, and rapid alternative for the detection
of Campylobacter. However, PCR alone has not
been extended to demonstrate detection of
Campylobacter in naturally contaminated sam-
ples, such as food products, environmental
samples, or feces.

The detection of specific microorganisms by
PCR is highly dependent upon the sensitivity,
specificity, and robustness of the primer set
used. Meinersmann et al. (20) developed a set
of primers that flank a highly variable region,
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termed the SVR, of the Campylobacter flaA
gene. Sequence analysis of the Campylobacter
flaA SVR was shown to be a useful subtyping
tool in epidemiologic investigations. In subse-
quent investigations, these primers were dem-
onstrated to be very sensitive, amplifying as few
as 1.25 organisms (unpubl. data). Additionally,
the flaA SVR primers were tested for specificity
against a variety of poultry-associated microor-
ganisms commonly detected in broiler houses.
These organisms included Staphylococcus aureus,
Enterococcus faecalis, Proteus vulgaris, Enterobac-
ter cloacae, Shigella sonnei, Salmonella enteritidis,
Escherichia coli, Pseudomonas aeruginosa, Citro-
bacter freundii, Salmonella typhimurium, Kleb-
siella pneumoniae, Clostridium perfringens, Pas-
teurella multocida, Bordetella avium, Haemoph-
ilus paragallinarium, and Listeria monocytogenes
(unpubl. data). Escherichia coli was the only or-
ganism that produced products with the flaA
SVR primer set; two products were observed,
one approximately 1400 base pairs and one ap-
proximately 700 base pairs. The resulting E. coli
products were readily distinguished from those
of Campylobacter by both number and size.

The established sensitivity and specificity of
the flaA SVR primer set prompted us to devel-
op a direct PCR assay capable of detecting
Campylobacter from naturally contaminated en-
vironmental samples. Hatchery samples were
chosen as the test material because of the newly
emerging hypothesis of breeder to broiler trans-
mission. Traditionally, the transmission of
Campylobacter from the breeder flock to the
broiler offspring has been dismissed because of
the inability of cultural methods to detect Cam-
pylobacter from hatchery samples or from newly
hatched chicks (1,7,14,25). Recently, however,
several published studies suggest circumstan-
tially that egg transmission from one generation
to the next is possible (4,5,6,13,19,22). In this
study, we demonstrated that Campylobacter
DNA is indeed present in both fluff and egg-
shells. However, a determination of whether the
organism is living or dead could not be made.
Further experiments with these primers in a re-
verse transcription PCR assay should address
the question of viability. In conclusion, we
demonstrate that flaA SVR PCR provides a re-
liable and convenient means for rapidly assess-
ing Campylobacter contamination in environ-
mental samples. Additionally, this method will
allow for the production of a product that can

be sequenced to provide further epidemiologic
information. We expect that the described assay
will also be adapted to assess Campylobacter
contamination in other environmental samples
and poultry products.
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